
Paget’s disease of bone: a review
of epidemiology, pathophysiology
and management

Joseph L. Shaker

Abstract: Paget’s disease of bone is a common disorder which may affect one or many bones.
Although many patients are asymptomatic, a variety of symptoms and complications may
occur. Fortunately, effective pharmacologic therapy, primarily with potent bisphosphonates,
is now available to treat patients with complications or symptoms. This review of Paget’s
disease of bone will include epidemiology and pathophysiology, complications and clinical
findings, indications for treatment, and the drugs currently available to treat this condition.
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Introduction
Paget’s disease of bone (PDB), which is also

known as osteitis deformans, was first described

by Sir James Paget more than 130 years ago

[Paget, 1877]. Paget’s disease is a common

focal skeletal disorder that may involve a single

bone (monostotic) or multiple bones (polyos-

totic). Although many PDB patients are asymp-

tomatic, significant symptoms including bone

pain, bone deformity, secondary arthritis, and

neurologic problems occur in some patients.

Treatment with calcitonin [Avramides, 1977;

Singer, 1977] was developed in the 1970s and

more recently very effective therapy with newer

bisphosphonates [Silverman, 2008] has become

available.

Epidemiology
PDB is the second most common bone remodel-

ing disease after osteoporosis. This condition

occurs in 1�2% of white adults older than

55 years [Ralston et al. 2008]. An analysis of

archeological skeletons from Northern England

(900�1850) [Rogers et al. 2002] found an overall

prevalence of PDB of 2.1% in cases older than

40 years. The prevalence before 1500 was 1.7%

and after 1500 was 3.1%. The prevalence of PDB

increases with age and is slightly more common

in men. PDB is rare under 25 years and unusual

before 40 years of age [Siris and Roodman,

2008]. In a survey of 864 patients the mean

age at diagnosis was 58 years [Siris, 1991].

The prevalence differs amongst various ethnic/

geographic groups. This disease is most

common in the United Kingdom and Western

Europe but is also common in British immigrants

to Australia, New Zealand, South Africa, and

South America [Altman, 2002]. The disease is

uncommon in African blacks, Scandinavia,

China, Japan, Southeast Asia, and the Indian

subcontinent [Altman, 2002]. Furthermore,

there is evidence of decreasing incidence and

severity of PDB in the United Kingdom

[Cooper et al. 1999, 2006] and New Zealand

[Doyle et al. 2002; Cundy et al. 2004; Cundy,

2006] over the past 25�30 years. The incidence

of PDB does not appear to have clearly decreased

in United States [Tiegs et al. 2000] or Spain

[Guanabens et al. 2008]. In Italy, the incidence

has remained fairly stable [Gennari et al. 2005],

however, the severity of disease may have

increased in Southern Italy during recent years

[Rendina et al. 2006]. First-degree relatives of

patients with PDB have an increased risk of

PDB, particularly if the patient has an early age

of diagnosis or deforming bone disease [Siris

et al. 1991]. Family history is positive in approx-

imately 15�30% of patients with PDB and first

degree relatives of patients with PDB have about

a sevenfold greater risk for the development of

Paget’s disease [Siris and Roodman, 2008].

Familial PDB also tends to be diagnosed at

a younger age and involve more of the skele-

ton than sporadic disease [Seton et al. 2003].
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These findings suggest that genetic and environ-

mental factors are important in the development

of this disease.

Pathophysiology
PDB is a chronic, progressive disorder involving

one or more bones. Skeletal lesions of PDB are

characterized by increased osteoclastic bone

resorption, increased but somewhat disorganized

bone formation, and increased vascularity of

bone [Ralston et al. 2008]. The osteoclasts are

increased in number and size and may contain

more nuclei than normal. The nuclei may con-

tain inclusion bodies that resemble viral particles

[Roodman, 1996].

The initial lesion is believed to be a focal increase

in osteoclastic bone resorption. This is followed

by accelerated bone formation. Because of the

accelerated bone turnover, new collagen fibers

are not laid down in an orderly linear fashion

but rather in a disorganized manner. The resul-

tant bone is a mosaic of woven and lamellar bone

[Siris and Roodman, 2008] that is mechanically

insufficient and at increased risk for fracture or

deformity.

PDB is considered to be a disease of the osteo-

clasts [Wirfel et al. 1999]. Bone marrow and

circulating osteoclast precursors demonstrate

increased sensitivity to factors known to stimulate

bone resorption such as 1,25 dihydroxy

vitamin D and receptor activator of NF-kB

ligand (RANKL) [Roodman and Windle,

2005]. Increased interleukin-6 (IL-6) expression

and signaling may contribute to increased osteo-

clastic activity [Roodman et al. 1992; Hoyland

et al. 1994]. RANKL (which stimulates osteo-

clastic differentiation) expression is increased in

pagetic marrow cells [Menaa et al. 2000] and

elevated levels of circulating RANKL were

found recently in PDB patients [Martini et al.

2007]. Osteoblasts are increased in numbers at

pagetic sites, however, they are morphologically

normal and are not considered to be a primary

pathophysiologic factor in PDB by most authori-

ties [Singer et al. 2006].

Environmental factors
Several potential environmental factors have

been associated with the development of PDB.

Rural life and animal contacts are associated

with a greater risk of PDB in Italy [Gennari

et al. 2006] and Spain [Lopez-Abente et al.

1997] suggesting that animals may carry

infectious agents. Viral infection has been

suggested because the nuclear inclusion bodies

in osteoclasts appear to represent viral nucleo-

capsids [Mills and Singer, 1976].

Paramyxovirus, and in particular canine distem-

per virus and measles virus are the most exten-

sively studied environmental agents, however

controversy remains whether viruses play a role

in the development of PDB. Some studies sug-

gest an association between PDB and dog own-

ership [O’Driscoll and Anderson, 1985] and in

particular dogs not vaccinated for canine distem-

per [Khan et al. 1996]. Other studies refute this

association [Siris et al. 1990; Seton et al. 2003].

Another study found an association between

prior dog and possibly prior cat ownership and

PDB in patients younger than 60 years

[Holdaway et al. 1990]. In situ hybridization

(ISH) [Basle et al. 1986] and reverse transcrip-

tase polymerase chain reaction (RT-PCR)

[Reddy et al. 1995, 1996; Friedrichs et al.

2002] have suggested the presence of measles

virus nucleocapsid sequences in pagetic osteo-

clasts and mononuclear cells. Canine distemper

virus RNA has also been found using ISH

[Gordon et al. 1991] and RT-PCR in pagetic

bone cells [Gordon et al. 1992; Mee et al.

1998]. Furthermore, transfection of measles

virus nucleocapsid gene into osteoclast precur-

sors produces a pagetic-like phenotype

[Kurihara et al. 2000, 2006]. Infection of osteo-

clast precursors with canine distemper virus

induces osteoclastogenesis [Selby et al. 2006].

Addition of canine distemper virus to canine

bone marrow cultures results in an increase in

multinucleated osteoclast-like cell formation

[Mee et al. 1995]. Other studies using RT-PCR,

ISH, and immunocytochemistry do not find evi-

dence of measles or canine distemper virus in

bone biopsies, bone marrow, or peripheral

blood mononuclear cells from PDB patients

[Ralston et al. 1991; Birch et al. 1994; Helfrich

et al. 2000; Ralston et al. 2007]. In a study of

bone marrow cultures from patients with PDB,

measles virus and canine distemper virus tran-

scripts were not found [Ooi et al. 2000]. The

reasons that some studies find viral transcripts

and others do not are unclear, however, this

difference does not appear to be due to assay

sensitivity [Ralston et al. 2007]. The possibility

of contamination as a cause for false positive

results has been raised [Ralston et al. 2007]. Of

note is that serologic evidence of canine distem-

per virus is absent in patients with PDB and PDB

is rare in some regions where canine distemper
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virus is common [Cundy and Bolland, 2008].

The issue of whether or not viral infections are

related to PDB is not resolved.

Other environmental exposures have been postu-

lated to increase the risk of PDB. Arsenic used as

pesticides in the cotton industry from 1917 to

1945 has been hypothesized to contribute to the

high regional incidence of PDB in Lancashire,

United Kingdom in 1974 and decline in this

region by 1993 [Lever, 2002].

Genetic factors
As mentioned above, patients with PDB often

report a history of PDB in first-degree relatives.

Before discussing the genetics of PDB and

related disorders, is appropriate to review the

RANK ligand/RANK/OPG system seen in

Figure 1 [Deftos, 2005]. This system regulates

osteoclast function [Boyle et al. 2003]. RANK

(receptor activator of NF-kB) is present on osteo-

clast precursors. Rank ligand (RANKL), which is

expressed in the marrow stroma and on osteo-

blasts, binds RANK on osteoclast precursors

promoting osteoclast proliferation and differen-

tiation. Osteoprotegerin (OPG) is a decoy recep-

tor which binds RANKL, thus preventing

RANKL from binding RANK. OPG, therefore,

inhibits osteoclast differentiation.

Juvenile PDB (also known as hereditary hyper-

phosphatasia) is associated with inactivating

mutations in OPG (TNFRSF11B) [Whyte et al.

2002]. Loss of this decoy receptor for RANK

results in increased binding of RANK to

RANKL and therefore increased osteoclastic dif-

ferentiation/activity. OPG mutations not appear

to be a common cause of classical Paget’s disease,

however, common polymorphisms of this gene

may be associated with PDB in women

[Daroszewska et al. 2004; Beyens et al. 2007].

Activating mutations of RANK (TNFRSF11A)

cause familial expansile osteolysis [Hughes et al.

2000], expansile skeletal hyperphosphatasia

[Whyte and Hughes, 2002], and early onset

Paget’s disease [Nakatsuka et al. 2003].

Mutations of RANK do not appear to be a

common cause of classical PDB [Wuyts et al. 2001].

The genetics of classical PDB have been reviewed

elsewhere [Lucas et al. 2006a; Ralston, 2008].

Genome wide-searches and linkage analysis

have resulted in the discovery of several possible

Paget’s susceptibility genes (PDB1�PDB7).

These loci are PDB1 (chromosome 6) [Tilyard

et al. 1982], PDB2 (chromosome 18q21) [Cody

et al. 1997; Haslam et al. 1998], PDB3 (chromo-

some 5q35) [Laurin et al. 2001; Hocking et al.

2001], PDB4 (chromosome 5q31) [Laurin et al.

2001], PDB5 (chromosome 2p36) [Hocking

et al. 2001], PDB6 (chromosome 10p13)

[Hocking et al. 2001; Lucas et al. 2008], and

PDB7 (chromosome 18q23) [Good et al.

2002]. Some of these loci may be false positives

and others may represent genes that interact with

other genes to cause or modify PDB [Ralston,

2008]. It has been suggested that the PDB7

locus may represent a gene that lowers the age

of onset of PDB [Good et al. 2004]. Evaluation

of patients with PDB3 (chromosome 5q35)

mutations resulted in the discovery that the

sequestosome 1 (SQSTM1) mutations are an

important cause of PDB [Laurin et al. 2002;

Hocking et al. 2002]. SQSTM1 gene mutations

have been found in several populations [Lucas

et al. 2006]. A meta-analysis found SQSTM1

gene mutations in 28.8% of familial and 6.1%

of sporadic PDB patients [Rhodes et al. 2008].

SQSTM1 codes for p62 which ultimately plays a

role in osteoclast regulation [Hiruma et al. 2008;

Chamoux et al. 2009]. Recent studies have dif-

fered on whether somatic mutations of SQSTM1

are found in the affected bone of sporadic PDB

patients. In a study of pagetic bone samples, none

of 22 patients without germline SQSTM1 muta-

tions had somatic SQSTM1 mutations

[Matthews et al. 2009]. In another recent study,

two of five patients without germline SQSTM1

mutations had somatic SQSTM1 mutations in

pagetic bone and three of five pagetic osteosar-

coma patients without germline SQSTM1 muta-

tions had somatic SQSTM1 mutations in the

tumor [Merchant et al. 2009]. Interestingly,

patients in families with SQSTM1 mutations

appear to have variable expressivity and incom-

plete penetrance of PDB and this mutation may

predispose to rather than cause PDB [Leach et al.

2006]. In addition to SQSTM1, the evidence for

PDB6 (chromosome 10p13) as a candidate gene,

appears to remain the strongest [Lucas et al.

2008].

The rare syndrome of PDB inclusion body myo-

pathy and frontotemporal dementia is caused by

mutations in valosin-containing protein (VCP)

[Watts et al. 2004; Kimonis and Watts, 2005;

Watts et al. 2007; Viassolo et al. 2008].

Mutations in this gene do not appear to be the
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Figure 1. Biology of the osteoclast in bone metabolism as a model for drug discovery.
When bone is resorbed, growth factors in the bone matrix are released, often stimulating osteoclasts, which
secrete resorption products into the circulation. Osteoblastic stromal (mesenchymal) cells and maturing
osteoclasts express a soluble version of the osteokine-receptor activator of the nuclear factor kB ligand
(sRANKL), its cell-bound receptor RANK, and osteoprotegerin (OPG), which sustain osteoclastogenesis. The
stimulatory activity of RANKL and the inhibitory effects of OPG regulate osteolysis. Bisphosphonates concen-
trated under the osteoclasts inhibit resorptive function and promote osteoclast apoptosis. The incorporation of
bisphosphonates into bone may increase resistance to resorption. Current therapies for hyperresorptive states
can be accommodated by this model; the pathways outlined here suggest additional targets, for which thera-
pies are under development: bone growth factor antagonists; guanine nucleotide exchange factors (GEFs),
which inhibit cell migration; arginine�glycine�aspartic acid peptides, which act on integrins; carbonic anhy-
drase inhibitors, which block the generation of hydrochloric acid; cathepsin K and matrix metalloproteinase
9 (MMP-9) inhibitors; and antibodies to parathyroid hormone-related protein (PTHrP) and RANKL. (With per-
mission from Deftos L.J. (2005). Treatment of Paget’s disease � taming the wild osteoclast. N Engl J Med
353: 872�875).
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cause of common familial or sporadic PDB

[Lucas et al. 2006a].

Clinical presentation, findings, and
complications
Complications of PDB are listed in Table 1. PDB

is often asymptomatic and is frequently discov-

ered incidentally when an elevated serum alkaline

phosphatase (SAP) is found on routine labora-

tory testing, or radiographically on x-rays

performed for unrelated reasons. A recent

population-based study from Olmsted County,

Minnesota, USA [Wermers et al. 2008] found

that 58% of the patients had symptoms at diag-

nosis. Seventy-two percent of these patients had

polyostotic disease. Skeletal complications

included bowing deformity in 7.6%, fracture of

pagetic bone in 9.7%, and osteosarcoma in 0.4%.

Osteoarthritis was present in 73%. Hearing loss

was present in the 61%. Neurologic symptoms

were uncommon. Overall survival was slightly

better than predicted. PDB appears to have an

adverse effect on some domains of quality of

life [Gold et al. 1996; Langston et al. 2007].

The most commonly involved bones include

the pelvis, femur, spine, skull, and tibia [Siris,

1991]. The upper extremities, clavicles, ribs

and scapulae are less frequently affected and the

hands and feet are rarely involved [Siris, 1991].

This disease may involve one or more bones,

however, it is unusual for a new bone to

become involved after initial diagnosis [Cundy

and Bolland, 2008]. PDB may be associated

with osteoarthritis [Altman and Collins, 1980;

Altman, 1999] in large joints such as the hip

and knee, particularly when PDB involvement

is adjacent to the joint or when bone deformity

is present. Bone pain may be present and may be

worse at night. Bone pain may be worse with

weight-bearing if there is an osteolytic lesion

[Whyte, 2006]. Bone enlargement or deformity

may be present. There may be enlargement of the

skull or frontal bossing and long bones may be

bowed [Siris and Roodman, 2008]. When

bowed, the femur and tibia typically bow ante-

riorly and laterally. Bowing of a femur or tibia

can lead to pain due to gait abnormalities and

arthritis [Siris and Roodman, 2008]. Painful fis-

sure fractures may occur [Redden et al. 1981]

and are more often on the convex surface of a

bone. For example, fissure fractures of the

femur are usually found laterally, unlike Looser

zones of osteomalacia which are typically seen in

the medial aspect of the proximal femur. Pain

that increases dramatically may represent a frac-

ture. Patients may note warmth of the skin over

pagetic lesions due to increased vascularity.

Dilated scalp veins may be present when there

is skull involvement.

Neurologic complications of PDB have been

reviewed elsewhere [Schmidek, 1977; Poncelet,

1999; McCloskey and Kanis, 2002; Rubin and

Levin, 2009]. Some symptoms and neurologic

complications may be related to skull involve-

ment. Patients with skull involvement may have

headaches [Siris and Roodman, 2008]. Cranial

nerve deficits have been reported but appear to

be rare. Optic atrophy, ophthalmoplegia, anos-

mia, trigeminal neuralgia, and facial palsy have

been reported [Rubin and Levin, 2009].

Hearing loss may occur when the temporal

bone is involved. Presbycusis and PDB affect

similar populations and it may be difficult to dif-

ferentiate presbycusis from pagetic hearing loss

[Bone, 2006]. Pagetic hearing loss is sensori-

neural which is greater at high pitches and char-

acteristically accompanied by low-frequency

‘air-bone gap’ [Monsell, 2004]. The hearing

loss appears to be caused by loss of bone den-

sity in the cochlear capsule [Monsell et al.

1999; Monsell, 2004]. Some patients may

have tinnitus. Another neurologic complication

Table 1. Complications of Paget’s disease of bone.

Musculoskeletal
Bone pain
Bone deformity
Fractures
Osteoarthritis of joints adjacent to pagetic bone

Neurologic
Hearing loss
Headache
Cranial nerve deficits
Basilar invagination
Spinal stenosis
Spinal vascular steal syndrome
Peripheral neuropathies

Cardiovascular
Congestive heart failure
Calcification of the aortic valve
Conduction abnormalities
Vascular calcification
Endocardial calcification

Neoplastic
Sarcomas
Giant cell tumors

Miscellaneous
Peyronie’s disease
Hypercalciuria
Hypercalcemia
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resulting from skull involvement is basilar invagi-

nation from softening of the skull base which may

cause cause hydrocephalus with headache and

dizziness. This basilar invagination can result in

syringomyelia and compression of the brainstem.

This neurologic syndrome is usually slowly pro-

gressive and symptoms may include ataxia,

vertigo, tinnitus, dysphagia, and dysarthria

[Rubin and Levin, 2009].

Spinal involvement may cause pain, neurologic

symptoms, and even paralysis. These may be

caused by a compression of the spinal cord or

nerve roots as well as ischemia due to ‘vascular

steal’ [Herzberg and Bayliss, 1980]. Peripheral

neuropathies such as ulnar, median, sciatic, and

posterior tibial have been reported [Rubin and

Levin, 2009]. Neurologic symptoms may

improve with calcitonin [Chen et al. 1979;

Herzberg and Bayliss, 1980] or bisphosphonate

[Wallace et al. 1995; Pane, 2007] therapy.

High output heart failure is rare but may occur

with extensive PDB, particularly when underly-

ing cardiac disease is present [Siris, 1991].

Decreased peripheral vascular resistance and

increased stroke volume was found in echocar-

diographic study of PDB [Morales-Piga et al.

2000]. Increased frequencies of aortic stenosis

[Strickberger et al. 1987; Hultgren, 1998] and

conduction abnormalities have been reported

[Hultgren, 1998]. Increased calcification of the

vasculature has also been reported [Laroche

and Delmotte, 2005].

Osteosarcomas or other sarcomas (chondrosar-

coma, fibrosarcoma) are the most serious com-

plications of PDB. Although these sarcomas are

more common than in age-matched controls,

they occur in less than 1% of patients with

PDB [Siris and Roodman, 2008]. Sarcomas

may present with worsening pain, lytic lesion on

x-ray, fracture, a new mass, or rising SAP

[Hansen et al. 2006]. The most common bones

involved in pagetic osteosarcoma include pelvis,

femur, humerus, tibia, and skull [Hansen et al.

2006]. Interestingly, despite being frequently

involved by PDB, osteosarcoma is uncommon

in the pagetic spine [Hansen et al. 2006].

Patients with pagetic sarcomas have a poor prog-

nosis and most patients die from local extension

of disease or pulmonary metastases within 3 years

[Siris and Roodman, 2008]. A recent study

reviewing all cases of pagetic sarcoma at the

Royal Orthopaedic Hospital in Birmingham,

UK, since 1975 [Mangham et al. 2009] suggested

a declining incidence of sarcoma in PDB to

about 0.3%. The mean age at presentation of

sarcoma after 1996 was 76.6 years compared

to 70.4 years in patients presenting before

1996, suggesting age at presentation may be

increasing. The median survival remained poor

at 0.66 years.

Skeletal or extraskeletal benign giant cell tumors

or osteoclastomas [Singer and Mills, 1993;

Ziambaras et al. 1997] have also been reported

and appear to be corticosteroid responsive. There

appears to be geographic clustering with many of

these patients being descendents of four residents

of Avellino, Italy [Rendina et al. 2004]. Finally,

Peyronie’s disease appears to be associated with

PDB [Lyles et al. 1997].

Laboratory findings
The serum calcium and phosphorus are usually

normal. In untreated patients, the serum total

and bone specific alkaline phosphatase (BSAP)

levels are usually elevated [Whyte, 2006]. In one

study, the total SAP was elevated in 78% of PDB

patients and BSAP elevated in 84% of PDB

patients [Alvarez et al. 1995]. The elevation in

total or BSAP reflects both the extent of the disease

and the associated increased osteoblastic activity.

The SAP may be normal in patients with minimal

skeletal involvement or monostotic PDB, inactive

disease, or after specific antipagetic treatment.

The BSAP may be useful in these circumstances

or when coexisting liver disease results in elevation

of the SAP. Other markers of bone formation and

bone resorption may also be elevated [Alvarez et al.

2001] but are expensive and usually not needed.

The serum uric acid is sometimes elevated [Siris

and Roodman, 2008] but gout has not been

proven to occur more frequently in patients with

PDB than the general population [Siris and

Roodman, 2008]. Although hypercalcemia may

complicate extensive PDB during periods of

immobilization or dehydration, hypercalcemia

usually reflects a coexisting condition such as

primary hyperparathyroidism (PHPT). The pres-

ence of hypercalcemia should prompt an evalua-

tion for an underlying cause and should not be

assumed to be related to PDB. Hypercalciuria

may occur due to increased bone resorption

particularly with immobilization [Kanis, 1991b].

It is probably prudent to measure the serum

25-hydroxy vitamin D level to exclude vitamin D

deficiency as a contributing factor to an elevated

SAP. Furthermore, vitamin D deficiency should
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always be corrected prior to initiating bisphospho-

nate therapy. The serum parathyroid hormone

level may be elevated in a significant percentage

(�15�20%) of patients with PDB [Siris et al.

1989, 1998]. In many of these patients, the eleva-

tion of parathyroid hormone is believed to repre-

sent secondary PHPToccurring at times of active

pagetic bone formation. Secondary PHPT can

also occur after suppression of bone resorption

with bisphosphonate therapy [Siris et al. 1998].

Inadequate vitamin D stores and age-related

declines in renal function could also contribute

to secondary PHPT. PHPT may coexist with

PDB, however, its prevalence is probably not

more than expected [Gutteridge et al. 1999a].

Successful surgical treatment of PHPT may be

followed by a significant decrease in SAP

[Gutteridge et al. 1999a]. Because PHPTwhether

primary or secondary may have a negative impact

on pagetic bone lesions, it is appropriate to

treat secondary PHPT with adequate calcium

and vitamin D and consider appropriate parathy-

roid surgery in the patient with coexistent PDB

and PHPT [Brandi and Falchetti, 2006; Siris

and Roodman, 2008].

Radiologic findings
A total body bone scan or a radiographic skeletal

survey is often performed to assess the extent

of disease. I prefer radionuclide bone scanning

followed by targeted X-ray imaging of the bones

that demonstrate abnormal radionuclide uptake.

The enhanced skeletal uptake of radionuclide

reflects increased bone formation and increased

blood flow and may detect PDB before X-ray

findings can be appreciated. Alternatively, some

lesions in which osteoblastic activity has become

inactive will be negative on bone scanning despite

findings of PDB on plain radiographs. Treatment

of PDB may render the radionuclide scan

normal. On plain radiographs the earliest lesions

are lytic due to increase osteoclastic activity. Lytic

lesions may progress at a rate of about 1 cm yearly

[Whyte, 2006]. The advancing lytic lesion may

appear like a blade of grass or ‘V-shaped lesion’

in long bones and osteoporosis circumscripta in

the skull [Cushing and Bone, 2002]. In response

to increased bone resorption, bone formation is

increased, resulting in a picture of mixed lytic

and sclerotic areas. Bony enlargement, cortical

thickening, increased trabecular pattern, and

deformity or bowing may be seen. Skull involve-

ment typically begins with radiolucent areas

(osteoporosis circumscripta) followed by osteo-

blastic activity resulting in enlargement of the

skull and a classic ‘cotton wool’ appearance

[Cushing and Bone, 2002]. Involved vertebrae

may have coarsened trabecular patterns and are

sometimes osteosclerotic (ivory vertebra). The

posterior elements are usually involved

[Cushing and Bone, 2002]. Compression defor-

mities may occur [Cushing and Bone, 2002].

Anterior, posterior, or lateral enlargement of

verterbral bodies may be seen [Kanis, 1991a].

Radiographic examples are shown in Figure 2.

Nonspecific therapy
Acetaminophen, aspirin, or nonsteroidal anti-

inflammatory drugs may be used for secondary

degenerative joint disease [Siris and Roodman,

2008] and mild bone pain. Compensatory shoe

lifts or orthotics may be useful in patients with

bowed/shortened lower extremities and ambula-

tion aids can be used as needed [Silverman,

2008]. Physical therapy is sometimes helpful.

Specific antipagetic drug treatment

Indications for specific antipagetic drug
treatment
For the most part, indications are based on clin-

ical experience rather than outcomes from clini-

cal trials of significant size and duration.

Clinically significant progressive deformity has

been observed in untreated patients [Siris and

Feldman, 1997]. Indications for treatment

[Lyles et al. 2001; Siris et al. 2006; Silverman,

2008] are shown in Table 2 and include symp-

toms due to active PDB including bone pain at a

pagetic site, fatigue fracture, headache from skull

disease, or pain related to pagetic vertebrae.

Neurologic symptoms due to spine or skull invol-

vement are also indications for treatment.

Patients with hearing loss due to temporal bone

involvement should be treated in an attempt to

prevent further hearing loss. Preoperative treat-

ment is indicated in patients scheduled for elec-

tive surgery involving pagetic bone such as a total

hip arthroplasty or tibial osteotomy in an attempt

to decrease blood loss. Hypercalcemia related

to immobilization in a patient with polyostotic

PDB is another indication for treatment.

While treatment to prevent complications in

asymptomatic patients seems reasonable, this

remains an area of controversy. This includes

treatment of patients with involvement adjacent

to large joints to avoid arthritis, treatment of

patients who may be at risk for bowing of long
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bones, treatment of patients with temporal bone

involvement to avoid hearing loss, and treatment

of patients with significant skull or spine involve-

ment to avoid neurologic problems.

Therapeutic options for specific antipagetic
therapy
Table 3 lists the agents approved by the US Food

and Drug Administration (FDA) for treatment

of PDB. Specific antipagetic drugs inhibit

osteoclastic activity. Salmon calcitonin has been

available for many years. It is typically given a

dose of 100 IU subcutaneously daily which is

associated with an approximately 50% reduction

in SAP and relief of some symptoms [Siris and

Roodman, 2008]. Improved bone pain, healing

of osteolytic lesions, and improvement in neuro-

logic complications have been reported. The

maintenance dose is often subsequently

decreased to 50�100 IU three times weekly.

This drug is less effective than the more potent

bisphosphonates and resistance due to antibody

formation against calcitonin may occur [Levy

et al. 1988]. Side effects include nausea and

flushing in some patients [Siris and Roodman,

2008]. Calcitonin is now used much less fre-

quently than the more potent bisphosphonates

and is primarily used in patients who cannot

take or tolerate oral or intravenous (IV) bispho-

sphonate therapy. Nasal spray calcitonin is not

FDA approved for PDB.

Bisphosphonates are nonbiodegradable synthetic

analogs of inorganic pyrophosphate. These drugs

adhere to mineralized surfaces, inhibit osteoclas-

tic bone resorption (Figure 1) and have very long

(a) (b) (c) (d)

(e) (f) (g)(f)

Figure 2. Radiographic appearance of Paget’s disease of bone (PDB). (a) Bone scan in polyostotic PDB (with
permission, courtesy of The Paget Foundation for Paget’s Disease of Bone and Related Disorders). (b) Enlarged
and osteosclerotic vertebral body. (c) Pagetic femur with osteosclerotic area proximal to a lytic front. (d) Lytic
area in enlarged pagetic tibia. (e) Fissure fracture in a pagetic tibia (with permission, courtesy of The Paget
Foundation for Paget’s Disease of Bone and Related Disorders). (f) Lytic area in pagetic skull (osteoporosis
circumscripta) with remineralization after aminobisphosphonate therapy. (g) PDB involving the right
hemipelvis.

Table 2. Indications for specific antipagetic therapy.

Bone pain at a pagetic site
Neurologic symptoms
Pagetic hearing loss (treat to prevent further

hearing loss)
Hypercalcemia
Before surgery on pagetic bone
High-output heart failure in a patient with

extensive skeletal involvement
Prevention of progression/complications
Active Paget’s disease of bone at sites such as

skull, spine, weight-bearing long bones,
adjacent to large joints, to prevent
complications. This is controversial because it is
not proven that treating such patients will
prevent complications
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skeletal half-lives [Licata, 2005]. These drugs are

often divided into two classes; simple bispho-

sphonates such as etidronate and tiludronate

and the more potent nitrogen-containing bispho-

sphonates such as pamidronate, alendronate,

risedronate, and zoledronic acid (ZA) [Licata,

2005]. The simple bisphosphonates appear to

inhibit osteoclastic function by forming toxic

analogues of ATP in osteoclasts [Frith et al.

2001]. Etidronate has been available for many

years for treatment of PDB. For PDB, etidronate

is typically given as 400 mg daily for 6 months

followed by 6 months without therapy. This

treatment results in approximately 50% reduc-

tions in SAP and SAP will normalize in approx-

imately one in six patients [Siris et al. 1996;

Miller et al. 1999]. Higher doses are not recom-

mended because of the risk of a mineralization

defect [Gibbs et al. 1986]. Tiludronate is another

‘less potent’ bisphosphonate. It is given in a

dosage of 400 mg daily for 3 months. In one

study, 35% of PDB patients achieved a normal

SAP and 72% of patients had a decrease in SAP

of at least 50% [McClung et al. 1995] with this

regimen. Tiludronate appears to be somewhat

more effective than etidronate for treatment of

PDB [Roux et al. 1995].

The more potent amino bisphosphonates include

alendronate, risedronate, pamidronate, and ZA,

and are the preferred drugs. The potency of

nitrogen-containing bisphosphonates in inhibit-

ing osteoclastic bone resorption may be related

to their ability to inhibit farnesyl diphosphate

synthase [Dunford et al. 2001]. Alendronate

and risedronate are given orally while pamidro-

nate and ZA are given intravenously. In the treat-

ment of PDB, alendronate is given at a dosage of

40 mg daily for 6 months. In a trial comparing

alendronate to etidronate in the treatment of

PDB, 63% of the patients treated with alendro-

nate had normalization of SAP compared to 17%

with etidronate [Siris et al. 1996]. A recently pub-

lished trial compared alendronate 40 mg by tablet

daily for 6 months with alendronate 280 mg

in oral buffered solution once weekly for

6 months. Both drugs were equally effective in

lowering SAP, however, the 280 mg oral buffer

solution was associated with more gastrointesti-

nal symptoms including nausea, abdominal pain,

and diarrhea [Hooper et al. 2009]. Risedronate is

given in a dosage of 30 mg daily for 2 months to

treat PDB. In a pivotal trial of risedronate, 73%

of PDB patients treated with risedronate normal-

ized SAP compared to 15% of patients receiving

etidronate [Miller et al. 1999]. A statistically sig-

nificant reduction in pain was seen in the risedro-

nate but not the etidronate group [Miller et al.

1999]. In a study of 13 patients with severe PDB

(mean SAP 17 times the upper normal limit

(UNL)) [Singer et al. 1998], there was a 77%

decrease in SAP after an 8 week course of rise-

dronate 30 mg daily. Ten patients had a second

course of risedronate resulting in a mean 87%

decrease in SAP. Pamidronate is FDA approved

for PDB in a dosage of 30 mg intravenously over

Table 3. Drugs approved by the FDA for treatment of Paget’s disease of bone.

Drug Administration/dosage

Calcitonin (Miacalcin) 50�100 units by sc injection daily or three times weekly for 6�18 months
Etidronate (Didronel) 200�400 mg orally daily for 6 months; must be taken with 6�8 ounces of water on an empty stomach

with no food, beverages, or medications for 2 hours before and after the dose; course should not
exceed 6 months; repeat courses can be given after rest periods of 3�6 months.

Pamidronate (Aredia) Approved regimen is 30 mg iv over 4 hours on 3 consecutive days. The drug is often used at 60 mg or
90 mg iv over 2�4 hours and repeated as clinically indicated. A single infusion is often effective in
mild disease; two to three infusions may be required in more severe disease.

Alendronate (Fosamax) 40 mg orally daily for 6 months. Must be taken on an empty stomach with 6�8 ounces of water in the
morning. Patient should wait at least 30 minutes before eating food or drinking anything other than
water or taking a medication. Patient should not lie down for at least 30 minutes.

Tiludronate (Skelid) 400 mg orally daily for 3 months. Must be taken with 6�8 ounces of water on an empty stomach with
no food, beverages, or medications for 2 hours before and after the dose.

Risedronate (Actonel) 30 mg orally daily for 2 months. Must be taken on an empty stomach with 6�8 ounces of water in the
morning. Patient should wait at least 30 minutes before eating food or drinking anything other than
water or taking a medication. Patient should not lie down for at least 30 minutes.

Zoledronic acid (Reclast) 5 mg iv over 15 minutes. The drug should not be used if the creatinine clearance is less than
35 ml/min. Patient should have adequate calcium and vitamin D to reduce the risk of hypocalcemia.

*Clodronate is not available in the US, but is available in some countries and is given 400–1600 mg daily orally for 3–6 months or 300 mg iv daily for
5 days.
iv, intravenous; sc, subcutaneous.
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4 hours on three consecutive days, however,

other regimens are more commonly used [Siris,

1994]. Patients with mild disease may be treated

with a single 60�90 mg infusion while patients

with more severe disease may receive multiple

90 mg infusions. In a prospective, nonrando-

mized study [Tucci and Bontha, 2001] that eval-

uated the response of 80 PDB patients to IV

pamidronate (180 mg over 3�6 weeks), the

mean decrease in SAP was 63%. Normalization

of SAP occurred in 86% of patients with a base-

line SAP less than three times the UNL, 38% of

patients with a baseline SAP three to six times the

UNL, and 12% of patients with a baseline SAP

more than six times the UNL [Tucci and Bontha,

2001]. In a study comparing oral risedronate

(one or two courses of 30 mg daily for 8 weeks)

to IV pamidronate (first course 30 mg three

times; second course if needed 60 mg three

times) in patients with acquired resistance to

intravenous clodronate, 86% of risedronate-

treated patients and 80% of pamidronate-treated

patients achieved remission [Rendina et al.

2004]. Another study compared intravenous

pamidronate to oral alendronate [Walsh et al.

2004]; 56% of patients treated with pamidronate

and 86% of patients treated with alendronate

achieved biochemical remission (normalization

of SAP and urinary deoxypyridinoline to creati-

nine ratio). Remission rates in previously

untreated patients were similar with pamidronate

and alendronate, however, in patients previously

treated with pamidronate the remission rate was

higher with alendronate. Zoledronic acid was

FDA approved for PDB in 2007. It is given in a

dosage of 5 mg IVover 15�30 minutes. A study of

patients with a mean baseline SAP of about four

times normal was done comparing a single dose

of ZA 5 mg IV to risedronate 30 mg by mouth

daily for 60 days. At 6 months 89% of the

patients treated with ZA and 58% of those trea-

ted with risedronate had normalized SAP [Reid

et al. 2005]. In this study, SF-36 testing revealed

that the ZA group had greater improvement in

physical functioning at 3 months and general

health at 6 months as compared to the risedro-

nate group. In an 18 month extension of this

study in patients who had had a therapeutic

response defined as a normalization of SAP or a

75% or greater reduction in SAP, the SAP

increased from 6 months to 24 months in the

risedronate group but was stable in the ZA

group, suggesting that the biochemical effect

of ZA appears to be more durable than risedro-

nate [Hosking et al. 2007]. Improvement in

osteolytic lesions has been reported with amino-

bisphosphonate therapy [Thiebaud et al. 1988;

Reid et al. 1996; Brown et al. 2000; Walsh et al.

2004].

Acquired resistance to the biochemical response

from etidronate, clodronate, and pamidronate

has been reported [Rendina et al. 2004;

Papapoulos et al. 2006]. This may be defined as

an increase in the nadir SAP with subsequent

treatments, requirement of a higher dose to get

an equivalent response, and shortening of the

length of time the patient remains in remission

after a new course [Papapoulos et al. 2006].

These patients may respond well to an alternate

bisphosphonate [Gutteridge et al. 1999b; Joshua

et al. 2003; Rendina et al. 2004; Papapoulos et al.

2006].

In summary, when specific antipagetic therapy is

needed, the amino bisphosphonates (alendro-

nate, risedronate, pamidronate, and ZA) are

first line therapy and provide both oral and intra-

venous options. Intravenous therapy may be

preferred in patients with significant upper gas-

trointestinal problems or esophageal disease,

patients in whom compliance to oral therapy is

problematic, patients in whom a rapid antiresorp-

tive effect is desired (e.g. neurologic symptoms or

the urgent need for surgery on pagetic bone), or

by patient preference. ZA appears to be the most

potent drug and with the most sustained thera-

peutic effect for at least 2 years [Hosking et al.

2007].

Adverse effects of bisphosphonates have been

reviewed recently [Kennel and Drake, 2009].

The major side effects of the oral amino bispho-

sphonates are esophageal and upper gastrointes-

tinal symptoms [Kennel and Drake, 2009]. The

most common side effect of intravenous pami-

dronate and ZA is a flu-like syndrome which

occurs within a few days of treatment. In the

ZA pivotal osteoporosis trial, this acute phase

reaction occurred in 31.6% of patients after the

first infusion, 6.6% of patients after the second

infusion, and 2.8% of patients after the third

infusion [Black et al. 2007]. This side effect can

occur with oral bisphosphonates but is much less

common. Use of acetaminophen may be useful in

preventing these symptoms.

Severe musculoskeletal pain, attributed to

bisphosphonate therapy, which may resolve

slowly or incompletely after bisphosphonate
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cessation has been reported [Wysowski and

Chang, 2005]. All bisphosphonates list this

potential side effect in their prescribing informa-

tion and the FDA issued an alert about this issue

in 2008 [US Food and Drug Adminstration,

2008a]. This complication appears to be rare.

Osteonecrosis of the jaw (ONJ) has been

reported in patients treated with bisphosphonates

[Woo et al. 2006]. Most of the cases have been in

patients treated with high doses of intravenous

bisphosphonates for malignancy and after tooth

extraction [Woo et al. 2006]. This condition

appears to be rare in patients treated with osteo-

porosis or PDB doses of bisphosphonates. ONJ

has been estimated to occur in 1�10% of patients

treated with IV bisphosphonates in cancer dosage

regimens and about 1/10,000�<1/100,000

patient years in osteoporosis doses [Khosla et al.

2007]. The true incidence of ONJ in the treat-

ment of nonmalignant bone diseases is unknown.

It is appropriate to stress the importance of good

dental hygiene and regular dental care prior to

bisphosphonate therapy. If dental surgery is

needed, it would be reasonable to delay initiation

of bisphosphonate therapy until after the patient

has had surgery and has healed. If dental surgery

is needed while the patient is on bisphosphonate

therapy, the dentist should be made aware of the

bisphosphonate therapy. There is no evidence

that stopping the bisphosphonate would be

protective.

Mild hypocalcemia may occur especially after IV

bisphosphonates, however, clinically significant

hypocalcemia is unusual [Black et al. 2007].

Severe hypocalcemia following bisphosphonate

therapy for PDB has, however, been reported

[Whitson et al. 2006]. Patients treated with

bisphosphonates for PDB should receive ade-

quate calcium and vitamin D. A total calcium

intake from diet and supplements in the range

of 1500 mg daily is appropriate. A serum

25-hydroxy vitamin D level of greater than

30 ng/ml is considered adequate.

Atrial fibrillation has also been a concern with

bisphosphonate therapy. In the HORIZON piv-

otal fracture trial for ZA, the treatment group had

an increased incidence of serious atrial fibrillation

[Black et al. 2007]. An analysis of the Fracture

Intervention Trial (FIT) suggested increased

atrial fibrillation with alendronate [Cummings

et al. 2007] but another study did not confirm

this finding [Sorensen et al. 2008]. An FDA

statement released in November 2008 suggested

that healthcare providers should not change their

prescribing practices based on a possible associ-

ation of bisphosphonate therapy with atrial fibril-

lation [US Food and Drug Adminstration,

2008b].

Twenty-three cases of esophageal cancer were

recently reported in patients receiving alendro-

nate from late 1995 to May 2008 by an FDA

epidemiologist [Wysowski, 2009]. The median

time of alendronate use to diagnosis was 2.1

years. There were also 31 patients from Europe

and Japan with esophageal cancer who had

received alendronate, risedronate, ibandronate,

or etidronate [Wysowski, 2009]. Others have

suggested that the incidence of esophageal

cancer in bisphosphonate-treated patients is not

greater than expected [Abrahamsen et al. 2009b;

Solomon et al. 2009]. It is not clear whether

esophageal cancer is increased patients receiving

oral bisphosphonates or if certain populations of

patients (e.g. pre-existing Barrett’s esophagus)

might be at greater risk from bisphosphonates.

It seems prudent to avoid prescribing oral

bisphosphonates to patients with Barrett’s esoph-

agus or other significant known esophageal dis-

ease [Kennel and Drake, 2009].

Atypical poorly-healing fractures with severe sup-

pression of bone turnover as well as subtrochan-

teric femoral fractures have been reported in

patients on long-term bisphosphonate therapy

[Odvina et al. 2005; Kwek et al. 2008a, 2008b;

Lenart et al. 2008, 2009; Goh et al. 2007;

Visekruna et al. 2008; Edwards et al. 2009]. In

the case of subtrochanteric femoral fractures,

fracture may be preceded by pain and a stress

fracture. These stress fractures are typically in

the lateral aspect of the proximal femur, are asso-

ciated with cortical thickening at the fracture site

and may be bilateral. Some of these features are

reminiscent of insufficiency fractures of PDB.

It is not clear whether these uncommon fractures

are an unusual osteoporotic fracture or caused

by long-term bisphosphonate treatment

[Abrahamsen et al. 2009b].

Ocular inflammation (iritis, uveitis, conjunctivi-

tis, episcleritis, and scleritis) are rare side effects

that can be seen with amino bisphosphonates.

If iritis occurs, the drug should be stopped and

ophthalmologic consultation obtained [Kennel

and Drake, 2009]. Although amino bisphos-

phonates cannot be used in these patients,
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non-nitrogen-containing bisphosphonates such

as etidronate or tiludronate can be used [Siris

and Roodman, 2008]. Synovitis, which may

recur with rechallenge, has also been reported

with aminobisphosphonate therapy [Jones et al.

2008].

Gallium nitrate and plicamycin (previously

known as mithramycin) have been used in the

past for PDB but are more toxic and not specif-

ically FDA approved for this indication. These

drugs are currently rarely used for PDB and are

not generally recommended for this condition.

Denosumab is a monoclonal antibody to

RANKL which is currently being studied for

osteoporosis [Miller, 2009]. By inhibiting

RANKL binding to RANK, this drug inhibits

osteoclastic activity. It is not known if this drug

will be effective for treatment of PDB.

The therapeutic biochemical target for antipa-

getic therapy is unclear. A 25% decrease in a bio-

chemical marker such as SAP or BSAP may be

considered to be a response [Selby et al. 2002].

Some authorities recommend normalization or

near normalization of the SAP if this is possible

[Siris, 1999; Papapoulos, 2002]. Patients are

typically monitored with SAP or BSAP measure-

ments every 3�6 months. Retreatment (at least

6 months after initial treatment) may be consid-

ered if the serum total or BSAP has increased

25% above the nadir value or if the patient

develops recurrent symptoms [Siris, 1999].

Other authorities suggest retreatment only when

patients have symptoms related to PDB as SAP

levels appear to correlate poorly with quality of

life [Langston et al. 2007]. Some patients with

clinically significant and active PDB affecting

small areas of the skeleton (e.g. monostotic dis-

ease of the tibia) may have normal biochemical

markers of bone turnover. In this setting, repeat

bone scanning may be useful in monitoring

treatment.

Surgery
Surgery including fracture stabilization, correc-

tive osteotomy and total joint arthroplasty is

sometimes needed for patients with PDB

[Parvizi et al. 2006]. Pagetic bone is very vascular

[Rongstad et al. 1994] and it is recommended

that patients receive specific antipagetic therapy

prior to elective surgery on pagetic bone. Patients

with PDB are at increased risk for heterotopic

ossification after total hip arthroplasty and some

authorities recommend preventive regimens with

low dose radiation or pharmacologic agents in

these patients. Patients with spinal involvement

may have radiculopathy or myelopathy. This

can be related to compressive spinal stenosis or

‘vascular steal’ resulting in reversible ischemia of

the spinal cord. In this setting, aggressive antipa-

getic therapy is often effective, thus avoiding

complicated surgery [Chen et al. 1979;

Herzberg and Bayliss, 1980; Wallace et al.

1995; Bone, 2006]. When orthopedic surgery is

needed on pagetic bone, it is best done by sur-

geons with previous experience in treating pagetic

bone.

Patient followup
Patients who do not have indications for specific

antipagetic therapy can be monitored with a

yearly SAP or BSAP. Patients receiving active

antipagetic therapy can be monitored with a

SAP or BSAP every 3�6 months. It is reasonable

to obtain radiographs of osteolytic lesions peri-

odically, remembering that the lytic front typi-

cally advances approximately 1 cm annually.

Summary
PDB is a common condition, particularly in older

persons of Northern European extraction. The

incidence and severity of this condition may be

decreasing. PDB is caused by accelerated osteo-

clastic bone resorption followed by increased

bone formation in one or more bones resulting

in skeletal lesions which can be osteolytic,

mixed osteolytic/osteosclerotic, or osteosclerotic.

Recently the SQSTM1 gene has been found to be

one important cause of familial PDB. Symptoms

and complications related to PDB can include

bone pain, fracture, bone deformity, osteoarthri-

tis, hearing loss, neurologic symptoms, cardiovas-

cular complications, and, rarely, malignant

transformation. Very effective medical therapy

with potent aminobisphosphonates is available

for patients requiring specific antipagetic treat-

ment. Surgery is occasionally needed on pagetic

bone and when possible should only be under-

taken following effective medical therapy and by

surgeons with significant experience treating this

condition.

Additional information for patients and
professionals
The Paget Foundation for Paget’s Disease of

Bone and Related Disorders, 120 Wall Street,

Suite 1602, New York, NY 10005-4035, USA.

Tel: +1 800 237 2438 or +1 212 509 5335,
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fax: +1 212 509 8492, www.paget.org, e-mail:

PagetFdn@aol.com.
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